widespread deposition of organic carbon (Corg)-rich sediments [Vincent and Berger, 1985] . Since the mid-Miocene, bulk /513 C values have declined to around 0.4%0 at present, suggesting decreasing fractional organic carbon burial [Shackleton, 1985; 1987 
Effect of Variable Carbon Cycling Rates
The rate of the Corg reservoir increase or decrease depends on the erosion/burial rate of carbon in the sedimentary system. As discussed by Delaney and Fileppelli [1994] , several previous models have concluded that absolute Corg burial rates declined over the last 20 m.y. However, this apparent agreement is misleading and is largely a model-dependent consequence of holding carbon cycling rates at or near constant through time. A number of independent approaches suggest that erosion rates have increased significantly during the late Cenozoic; however, the timing and magnitude of erosion rate changes are significantly different among different models [Jacobsen, 1988 
Implications for Atmospheric 02 and CO2 During the Neogene
Using the assumptions of both constant isotopic fractionation factors and constant cycling rates previous workers [Shackleton, 1985; 1987; Kump and Garrels, 1986] proposed that approximately 8x1018 moles of organic carbon were lost from the sedimentary organic carbon reservoir since the mid-Miocene, with an equal loss of atmospheric oxygen. In contrast, we find net growth of the organic carbon reservoir of 16x1018 moles during the same interval. As discussed Neogene and thus cannot be invoked to satisfy the mass balance constraint imposed by increased silicate weathering rates (rather it compounds the problem). The growth of the Cot g reservoir can be a significant contributor to decreasing atmospheric CO2 during the late Cenozoic. In fact, our constraints on the magnitude of shifts between the sedimentary carbon reservoirs are currently better than those for the degassing-weathering terms for the long term CO2 mass balance. At present the best constraint on the degassing and silicate weathering flux terms is indirect: after accounting for changes in the sedimentary carbon balance, the total net flux of CO2 must nearly balance at all times [Rubey, 1951 ] . Unless there are large, unidentified sources for CO2 in the carbon system, at least one of two hypotheses must be true in order to balance the late Cenozoic carbon budget. Either the consumption of CO 2 during weathering of continental or oceanic crust is sensitive to pCO 2 (e.g., the BLAG hypothesis While there may be some long-term connection between weathering and subduction zone volcanic degassing or collision zone metamorphic degassing, it is unlikely that the coupling of those source terms is linked with silicate weathering rates via tectonic processes on a short enough timescale to prevent large swings in pCO 2 . Thus a direct pCO2 feedback on weathering rates seems essential for atmospheric stability, and the late Cenozoic does not appear to provide an exception [Volk, 1993 ' Caldeira et al., 1993 .
Atmospheric CO2 has a number of important sinks and sources, so any prediction about Neogene CO2 levels in the atmosphere based on the evaluation of only one of these sinks is liable to be nonunique. In contrast, the organic carbon subcycle is the dominant mechanism determining atmospheric 02 content during the Cenozoic. Therefore evidence for the history of pO2 may be a better test of our predictions. Although the Neogene history of atmospheric pO 2 is not well known, we suggest that our interpretation resolves some apparent dilemmas posed by earlier models which predicted falling Neogene 02 levels. We cite three examples of independent observations that are consistent with rising pO2 during the late Neogene.
Each observation taken independently has alternative explanations that may still be viable. However, taken together they may provide an independent assessment of the behavior of the organic carbon subcycle.
Charcoal fluxes recorded in sediments may provide one clue, as increased pO2 should result in increased biomass burning [Watson et al., 1978] . Charcoal fluxes to North Pacific sediments increased dramatically (1 to 3 orders of magnitude) and permanently from the early Miocene to the present, an observation difficult to reconcile with predictions of a major drop in atmospheric pO2 over the same interval [Herring, 1985] . Herring argued that the.stability of elemental carbon in the geological record made it unlikely that the observed Miocene increase in charcoal flux was a preservation signal and therefore must reflect either increased wind transport or increased biomass burning. By analogy with the factors controlling eolian dust deposition [Rea, 1994] , increased charcoal flux likely reflects a stronger source (i.e. more burning), not merely enhanced transport. Rea [1994] recently reviewed the history of eolian dust flux to the North Pacific and found low values until 3 to 3.5 Ma. The dust flux signal in the North Pacific is thought to primarily reflect the degree of aridity in the Asian source region [Rea, 1994] Tectonic control on weathering rates and any pO2 feedback control are not exclusive of one another, and it is possible that both play a role.
Conclusions
We developed an isotopic mass balance model for the Neogene evolution of the sedimentary organic carbon reservoir, allowing for variations in photosynthetic fractionation factors, carbon cycling rates, and the isotopic composition of riverine carbon. As additional inputs to this model we use the available constraints on 13C depletion during the Cenozoic, as well as estimates of rates of sedimentary carbon cycling. This study points out the impact that the evidence for changing carbon isotopic fractionation factors during Cenozoic time has for interpreting the 813C record of marine carbonates. An apparently robust result is that growth of the Corg reservoir was positive through most of the Neogene, until the Plio-Pleistocene. Th•s result has significantly different implications for atmospheric history than models using constant isotopic fractionation. In particular, we find that the organic carbon subcycle acted as a source for atmospheric oxygen during the Neogene and a sink for atmospheric CO2. The Neogene budgets for the sedimentary carbon reservoirs are presently better constrained than the degassing-silicate weathering budgets and indicate that the growth of the organic carbon reservoir can contribute significantly to late Cenozoic atmospheric change. Finally, our assessment of the sedimentary carbon isotope mass balance indicates that, in general, satisfactory models of carbon cycling and atmospheric evolution require more detailed knowledge of isotopic depletion factors as a function of time. It thus highlights the need for better data on the relative contributions of marine and terrestrial biomass to the sedimentary carbon record, carbon isotope depletion in each of those environments, and absolute carbon cycling rates, in order to refine isotope-based models of the carbon cycle.
